Abstract: In this paper, a non-linear finite element analysis has been done to analyze the deflection in the steel section and internal stresses in the concrete
INTRODUCTION

The use of composite steel beams with regular web-openings is becoming increasingly popular in multi-story building construction
. Openings are provided in the beam webs so that services could pass through the webs. In highway bridges and ship structures web openings in girders are provided in order to lighten the structure and to enable space for services, inspection and maintenance [4] [5] [6] [7] . This form of construction results in reduced floor height, systematic installation of pipes or ducts and cost effectiveness but at the same time, causes penalty on the shear strength of the girders depending on the parameters of the openings [2, 8] . The behavior of the composite girders (concrete slab-steel girder) has been the subject of several researches all over the world [9] . It is widely known that laboratory tests require a great amount of time and, in some cases, can even be impractical [10] . The finite element method (FEM) can be used as a very useful tool in predicting the failure load of composite concrete-steel beams and can allow very detailed information for the distribution of stresses and strains in composite beams [10] [11] [12] . Ibrahim et al. [13] [14] presented 3D numerical models of steel-concrete composite beams to simulate their structural behavior with emphasis on the beam-slab interface. Simulations were occurred using version 14 [15] as shown in Figure 1 . (4) where, ε1 = strain corresponding to (0.3fc'), εo = strain at peak point, εcu = ultimate compressive strain.
used a finite element model to study the behavior of simple prestressed composite beams by means of a developed computer program (ANSYS 12) and compared the numerical results to the experimental results. The numerical results showed that the behavior in the concrete slab and steel beam responded well with the experimental results. Patil and Shaikh
= Modeling of steel girder The bilinear stress-strain relationship indicated in Figure 2 is used in this study [16] . The strain hardening modulus (E t (Millard-Johnson Equation) given by [17] : (6) Figure 3 Figure 4 and Table 1 . Table 2 where Ec and Es are the modulus of elasticity of the concrete and steel respectively, fc' is the concrete cube strength, and fy is the steel yield stress. The cross-section of the girder is shown in Figure 9 and the dimensions of the cross-section are given in Table 3 Figure 18 indicates that when the opening is positioned at the mid-span near the composite girder chords, the deflection (∆1) increases while the deflection (∆4) decreases. On the other hand, Figure 18 shows 
Effect of opening width on the relative vertical deflections Figs. 15 and 16 show the effect of the opening width (d = 0.50 H) on the relative vertical deflections, (∆1/∆s and ∆4/∆s) of the two spans. Figure 15 shows the case when the opening is positioned close to the interior support, while Figure 16 shows the case when the opening is positioned at the mid-span of the composite girder (in the compression zone and at the center line of the composite girder in both cases). From Figure 15, it can be noted that, increasing the opening width increases the deflections (∆1 and ∆4) for both spans. The effect of opening width on the deflection is small for an opening width of less than 0.05L. As the opening width increases, the deflections significantly increase. The most significant effect of the opening width occurs when the opening is positioned at the composite girder center line. While positioning the opening at the midspan caused dramatic changes in the deflection. From Figure 16 it can be seen that increasing the opening width increases the deflection ∆1 but decreases the deflection in the solid span ∆4. It was found that, for small opening widths (up to about 0.05L) the opening effect is relatively small in both spans (less than 10%). Whereas, increasing the opening width further has a significant effect on the deflection. This may be due to the variation in the span's inertia as a result of the opening. Comparing the effect of the height and width of the opening on the deflections of the spans, it can be noted that the opening width has a more significant effect than the opening height.
Figure 15. Effect of opening width on the maximum deflections of the two spans for d= 0.50H (Opening to the left span)
Figure 16. Effect of opening width on the maximum deflections of the two spans for d=0.50H (Opening at the mid-span of left span)
Effect of opening position along z-direction on the relative vertical deflections
